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1. Introduction
The ATIAS work item develops test specifications for objective characterization of terminals for 3GPP immersive services, including conversational services and non-conversational services. A previous input [1] proposed multiple acoustic performance tests for ambisonics capture, including estimation of direction-of-arrival (DOA) from First-order Ambisonics (FOA) audio. However, for Metadata-assisted spatial audio (MASA) [2] the DOA is more convenient and accurate to calculate directly from the analyzed metadata. In this contribution the source proposes a candidate method for estimating DOA for MASA input capture directly from the metadata.
2. Test method
Definition:
The estimate for DOA can be formed by mapping the direct-to-total ratio times energy weighted azimuth and elevation angles into Cartesian coordinate vectors ,  and  over all subframes and frequency bands.




Where  is the index of the frequency bands and  is the index of the subframes.
For spatial direction, the angles of direction of arrival in degrees are estimated with equation:

for azimuth and equation:

for elevation. Here, arctan function is assumed to be the computational variant “atan2” that solves the correct quadrant automatically.



Ideal characteristic:
The DOA angle calculated from the MASA metadata from the UE capture system, is identical to the ground truth angle to the incident sound
How to measure:
The UE is connected via a wireless link to a reference client.
Loudspeakers are placed on a suitable grid (reusing what is already specified, e.g. according to Annex A or B).
The loudspeakers emit sound one at a time. Their incidence angle is known. It remains to be evaluated whether an exponential sweep, pink noise, or speech is the most suitable signal.
The MASA metadata from the reference client are used to calculate the DOA (according to above).
The DOA is compared to the ground truth angle, potentially in several frequency bands and potentially time averaged.
If the sending UE is properly implemented in terms of directionality and the energy ratio analysis for the MASA metadata, the DOA metric is expected to correspond to the ground truth angle.
How to formulate requirements:
The DOA angle calculated from the MASA metadata from the UE capture system shall be within some tolerances w.r.t. the ground truth angle to the incident sound.

3. Experiments
3.1 Measurement setup
Experiments were conducted, to estimate the impact of different DOA estimation methods for MASA capture. Performance of four different test signals were evaluated. Test signals under evaluations were Logarithmic Sine Sweep, Pink Noise, Male speech, and Female speech. Length of each test signal was 5 seconds. 
[bookmark: _Hlk126932161]8 different azimuth angles and 6 different elevation angles were evaluated (in total 41 different angles). Azimuth angles were: 0°, 15°, 30°, 45°, 60°, 90°, 135° and 180°, and elevation angles were -60°, -30°, 0°, 30°, 60° and 90°. For each azimuth angle, each elevation angle was measured, except for 90° which was measured only with azimuth angle of 0°. 
[bookmark: _Hlk126932003]All measurements were done in an anechoic chamber. Measurement device was an Eigenmike microphone. Measured signals were processed with the IVAS MASA C Reference Software [3] to obtain stereo transport signal and MASA metadata. The MASA input was encoded and decoded with IVAS candidate codec utilizing bitrate of 512 kbit/s. DOA estimations were done from decoded FOA output and from decoded MASA EXT output. Processing flows are illustrated in the figures below.
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Figure 1 Processing flow for DOA estimation from FOA.
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Figure 2 Processing flow for DOA estimation from MASA-metadata.
3.2 Results
The mean absolute error of DOA estimates over all measurement angles were calculated for different test signals. Mean absolute error was calculated as follows:
,
where  is the estimated DOA and   is the ground truth angle at the azimuth  and elevation .
The results of estimated DOAs from decoded FOA output are presented in Table 1, and results from decoded MASA EXT output are presented in Table 2. The direct estimations from the MASA metadata are more accurate compared to the estimations made from the FOA output. In addition to more accurate results, the impact of different test signals for the results is mitigated, as the variations of the results between different test signals seems to be lower. 

Table 1 Results of DOA analysis from decoded FOA output.
	Eigen to MASA to FOA – Mean absolute error of DOA estimate

	
	Sweep
	Pink Noise
	Male speech
	Female speech
	Total

	
	3.37°
	4.16°
	3.69°
	2.75°
	3.49°

	
	1.58°
	4.16°
	6.71°
	4.67°
	4.28°



Table 2 Results of DOA analysis from decoded MASA EXT output.
	Eigen to MASA to MASAEXT– Mean absolute error of DOA estimate

	
	Sweep
	Pink Noise
	Male speech
	Female speech
	Total

	
	3.47°
	3.91°
	3.26°
	3.23°
	3.47°

	
	1.46°
	1.62°
	1.47°
	1.66°
	1.55°




4. Summary
In this document we present a test method for evaluating DOA directly from MASA metadata. For validating the method, results of DOA estimation from IVAS candidate technology decoded MASA metadata and decoded FOA signal are compared. The results indicate that the proposed method is more accurate DOA estimation method for MASA captures.
The source proposes to include the presented method in the ATIAS-1 Permanent Document [4].

References
[1]	Tdoc S4-221449:  On send side audio performance assessment for Immersive Audio Systems –additional metrics
[2]	Tdoc S4-221297: IVAS Design Constraints (IVAS-4)
[3]	Tdoc S4-210840: Updates to IVAS MASA C Reference Software, Nokia Corporation
[4] 	Tdoc S4-221517: ATIAS-1: Permanent Document on ATIAS, v0.1.0



		Page: 1/5
		Page: 5/5
image1.png
Transport + Meta

B-Format

WYz

Eigenmike
capture

~

52t

Conversion to
MASA

ENC/DEC

Estimate DOA
from FOA output
signal





image2.png
32¢h

Transport + Meta

MASA EXT

Eigenmike
capture

~

Conversion to
MASA

ENC/DEC

Estimate DOA
from MASA-
metadata





